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Abstract  
 

By further optimizing the dimensions of a 27-mm period undulator’s existing model for the MBA lattice, the 

magnetic force is decreased by about 28% with a gap of 11 mm. The calculated effective field with the new 

model was 113 G higher than the existing 27-mm period undulator, with a gap of 11 mm. The calculated field 

roll-off with the optimized new model is within the requirements at APS. The modeling and calculation 

results will be reported in detail through this paper.  

  

Introduction 

 
The MBA lattice will require a roughly 27-mm period undulator (instead of 33 mm) for continuous energy 

coverage, due to changing the electron beam’s energy from 7 GeV (current energy of electron beam at APS) 

to 6 GeV [1].  This period undulator is therefore expected to be produced in the greatest quantities.  The MBA 

lattice undulators will exploit an even smaller gap than the current 27-mm period undulator minimum gap of 

10.5 mm, with a minimum gap as small as 9.0 mm under consideration. Various undulator magnet structure 

and gap separation mechanism schemes, as well as methods of swapping active magnetic structures in a single 

gap separation mechanism, are under consideration for use with the MBA lattice.  Costs of these items can be 

reduced, and performance improved, by a new design that reduces the dimensions of the magnetic structure 

and minimizes the magnetic attractive force between opposing magnetic structures. 

 

Modeling and Calculation Results 
 
A quarter period undulator with a 27-mm period with the existing dimensions [2] was built with Opera 3D (as 

shown in Fig. 1) in order to calculate the magnetic force with it first. The magnet type N42SH from Shin-Etsu 

Rare Earth Magnet is set for the permanent magnet, and the pole material is set to vanadium permendur 

within the model. The dimensions of the magnets and poles are set the same as in the design review of this 

undulator magnet structure.  The bh-curve of the permanent magnet is set for the temperature of 25ºC, which 

is the same temperature at the storage ring at the APS. 

 

The calculated By over the length (Z direction) with the model in Fig.1 with a gap of 11 mm is shown in 

Fig. 2. The effective field was calculated with the formula: 
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Here, the    was defined by fitting the calculation data in Fig. 2 to the formula:  
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The   here is the period length of an undulator. The calculated effective field of By with the existing 27-mm 

period undulator was 6371 G at a gap of 11 mm (Fig. 3). This field is about 4% less than the actual measured 

Beff, which is an expected difference in line with other undulators at APS.  
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The calculated magnetic force in the XZ-plane with the existing 27-mm period undulator with a gap of 11 mm 

is shown in Fig. 4. The integrated force on the quarter-period-long undulator was 25.4 N, which means about 

51 N per half period (one pole and one magnet) with the existing design. The field roll-off of the By field in 

the range of ± 3mm in X (Fig. 5) was 4.7 × 10
-4

 and the maximum demagnetization field on the magnet was 

15.4 kOe for the existing design as shown in Fig. 6. 

 

The magnet and pole widths and heights are optimized with Opera 3D in the model of the 27-mm period 

undulator. The pole’s xx and xy chamfers were optimized to get a uniform field with the new model [3]. The 

optimized new model is shown in Fig. 7. The widths and heights of the magnet and pole are remarkably 

decreased with the new model compared to the existing model. The calculated By vs Z with the new model is 

shown in Fig. 8. The effective field with the new model (Fig. 9) was 6484 G, which is about 100 G higher 

compared to the existing model. Also, the field roll-off of the By field was 6.8 × 10
-4

 in the range of ±3 mm in 

X (Fig. 10), which is in the required order of the 10
-4

 at APS.  

 

Figure 11 shows the calculated magnetic force over the quarter period long undulator with the new model. 

The integrated magnetic force at the gap center was 18.6 N, which is 37 N for a half period undulator. This is 

about 28% less force than the existing one. The demagnetization field on the magnet was calculated with the 

new model as shown in Fig. 12. The magnet’s edge close to the gap showed the maximum demagnetization 

field of 16.6 kOe, which provides sufficient margin compared to the intrinsic demagnetization field of 21 kOe 

for this magnet material. 

  

The comparison of the field parameters, magnetic force, and dimensions between the existing and new models 

are listed in Table 1. 

 

Conclusion 
 

The 27-mm period undulator was remodeled in order to investigate the possibility of decreasing the magnetic 

force and reducing the cost of the poles and magnets. The results show that the magnetic force will be 

decreased by about 28% with the new model. Additionally, the Beff with the new model will be about 100 G 

higher compared to the existing 27-mm period undulator.  The field roll-off in X with the new model is also 

within the required range. The demagnetization field with the new model is also small enough compared to 

the intrinsic demagnetization field of the magnet’s material.  

 

The magnet and pole of the new model are reduced by 31% and 25% in volume, respectively, compared to the 

existing 27-mm period undulator. 
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Fig. 1. A quarter part model of a quarter period length of the existing 27-mm period undulator. The green is 

the permanent magnet, and the blue is the pole.  

 

 

 

 

 
Fig. 2. Calculated field of the By vs Z over the quarter period long undulator of 27-mm period with a gap of 

11 mm.   

  



 
Fig.3. Fitting result to the calculated By vs Z over the quarter period undulator of the existing model of 27-mm 

period undulator with a gap of 11 mm.  The blue data corresponds to the calculated field over Z, and the red 

line is the fitting.  

 

 

 

 

 
 

Fig. 4.  The calculated magnetic force at the center of the gap with the existing model of the 27-mm period 

undulator with a gap of 11 mm. The color on the right shows the intensity of the calculated force.  
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Fig. 5. Calculated By field over X in the range of ± 3 mm with the model of the existing 27-mm period 

undulator. 

 

 

 

 

 
Fig. 6. The calculated demagnetization field of –Hz on the magnet with the model of existing 27-mm period 

undulator. The dark blue on the edge close to the gap of the magnet shows the maximum demagnetization of 

15.4 kOe. 

  

 



 
Fig. 7. New model of the 27-mm period undulator with optimized dimensions of the magnet and pole.  Only a 

quarter part of a quarter period length of the model is shown in this figure. 

 

 

 

 

 
Fig. 8. Calculated By vs Z field with the new model with a gap of 11 mm. The horizontal and vertical axes 

correspond to Z and By in the figure.  

  



 
Fig. 9. Fitting result to the calculated By vs Z over the quarter period undulator of the new model of the 27-

mm period undulator with a gap of 11 mm.  The blue data corresponds to the calculated By field over Z, and 

the red line is the fitting.  

 

 

 

 

 
Fig. 10. Calculated By field over X in the range of ± 3 mm with the optimized new model of the 27-mm 

period undulator. 
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Fig. 11. The calculated magnetic force at the center of the gap with the optimized new model of the 27-mm 

period undulator with a gap of 11 mm. The color on the right shows the intensity of the calculated force. 

 

 

 

 

 
Fig. 12. The calculated demagnetization field of –Hz on the magnet with the optimized new model of the 

27-mm period undulator. The dark blue colored part on the edge close to the gap of the magnet shows the 

maximum demagnetization of 16.6 kOe. 

  

 



Table 1. Comparison of magnetic forces, effective fields, demagnetization field, and dimensions between 

optimized and existing models of the 27-mm period undulator. 

 

Parameters Existing model of  

27-mm period 

undulator 

New model for the 

27-mm period 

undulator 

Beff (@11mm gap) 6371 G 6484 G 

Magnetic Force (per 

half period) 
51 N 37 N 

Field roll_off 5.0×10-4 6.8×10-4 

Magnet length 0.915 cm 0.92 cm 

Magnet width 6.70 cm 5.0 cm 

Magnet height  5.41 cm 5.0 cm 

Pole width 4.4 cm 3.5 cm 

Pole height 4.2 cm 4.0 cm 

Pole length 0.419 cm 0.425 cm 

Pole’s xx chamfer 0.2 cm 0.6 cm 

Pole’s xy chamfer 0.2 cm 0.2 cm 

Magnet’s xx chamfer 0.5 cm 0.5 cm 

Magnet’s xy chamfer 0.29 cm 0.29 cm 
 


